Platelet-rich plasma (PRP) is injected within tendons to stimulate healing. Metabolic alterations such as the metabolic syndrome, diabetes, or hyperuricemia could hinder the therapeutic effect of PRP. We hypothesise that tendon cells sense high levels of uric acid and this could modify their response to PRP. Tendon cells were treated with allogeneic PRPs for 96 hours. Hyperuricemic PRP did not hinder the proliferative actions of PRP. The gene expression pattern of inflammatory molecules in response to PRP showed absence of IL-1b and COX1 and modest expression of IL6, IL8, COX2, and TGF-b1. IL8 and IL6 proteins were secreted by tendon cells treated with PRP. The synthesis of IL6 and IL8 proteins induced by PRP is decreased significantly in the presence of hyperuricemia (P = 0.017 and P = 0.012, resp.). Concerning extracellular matrix, PRP-treated tendon cells displayed high type-1 collagen, moderate type-3 collagen, decorin, and hyaluronan synthase-2 expression and modest expression of scleraxis. Hyperuricemia modified the expression pattern of extracellular matrix proteins, upregulating COL1 (P = 0.036) and COMP (P = 0.012) and downregulating HAS2 (P = 0.012). Positive correlations between TGF-b1 and type-1 collagen (R = 0.905, P = 0.002) and aggrecan (R = 0.833, P = 0.010) and negative correlations between TGF-b1 and IL6 synthesis (R = −0.857, P = 0.007) and COX2 (R = −0.810, P = 0.015) were found.
Introduction
The use of platelet-rich plasma (PRP) to treat tendon pathology has widely expanded in the last five years [1] . PRP is injected within tendons aiming at healing, reducing pain, and improving tendon function [2] . A recent meta-analysis has shown a significant reduction of pain at three years, six years, and one year after PRP treatment in different tendons [3] .
PRP injection is an autologous treatment derived from the patient's own blood; thus metabolic alterations such as the metabolic syndrome, diabetes, or hyperuricemia could hinder the therapeutic effect of autologous PRP in these patients. Despite a higher risk of suffering tendinopathy [4] , patients with metabolic diseases are often excluded from the clinical trials testing PRP efficacy [5, 6] . However, whether metabolic disorders should be an exclusion criterion from PRP therapies is open to question.
Hyperuricemia is a relatively common metabolic disease with a prevalence of more than 10% in certain populations [7] . When uric acid, the end product of purines metabolism, rises above 6.8 mg/dL in peripheral blood, urate sediments can form within tissues. Actually, hyperuricemic patients have supersaturated levels of uric acid in their body fluids, and a minority develop gout when uric acid condensates and forms monosodium urate crystals (MSU). The latter can deposit in skin, tendons, and synovium [8] stimulating acute inflammatory flares.
Additionally, extracellular uric acid concentration rises locally upon cell death. In fact, cells normally contain very high levels of uric acid intracellularly [9] and produce even more upon death, signalling danger. Cell death is a pathological event in tendinopathy, affecting not only the area where the tendinopathy is located but also the adjacent tendon tissue [10] . Thus, the response of tendon cells to hyperuricemia may help to understand some aspects of tendinopathy. Recent data show that high serum uric acid is associated with hypertension, kidney disease, cardiovascular disease, and diabetes [11] . However, the association of hyperuricemia with tendinopathy is still ambiguous.
Previous studies have described the pathophysiological role of MSU crystals in alerting the immune system to danger, and the possibility of suffering harm is sensed by monocytes/macrophages that drive an inflammatory reaction by releasing active IL-1b [12] . Whether other cell types, molecular sensors, and synergic mediators participate in the inflammatory response is being explored. For example, serum amyloid A (SAA) protein primed synovial fibroblasts to produce active IL-1b and IL-1a when exposed to MSU crystals [13] . SAA is a proinflammatory protein present in PRP. In addition to SAA and uric acid, PRP also contains other proinflammatory stimuli of self-origin that transmit danger signals including hyaluronan fragments, ATP, DNA, RNA, and HMGB1 [14] . The levels of uric acid are the same in PRP as in serum (3.4-7.2 mg/dL in men and 2.4-6.1 mg/dL in women), since uric acid is not a platelet-derived product but a result of hepatic metabolism.
We raised the hypothesis that tendon cells sense elevated levels of uric acid and this could modify their response to PRP. We explored whether hyperuricemic PRP induces inflammatory, phenotypic, or metabolic changes in tendon cells. To test this hypothesis, we examined in parallel the response of tendon cells to PRP and hyperuricemic PRP exposure by assessing the expression of specific tendon tissue molecules, including type 1 collagen (COL1A1), scleraxis (SCX), decorin (DCN), tenomodulin (TNMD), cartilage oligomeric protein (COMP), and aggrecan (ACAN). In addition, the expression of molecules that characterize early tissue repair such as type 3 collagen (COL3A1) and hyaluronan synthase 2 (HAS2) was determined as well as the expression of inflammatory modulators IL-1b, IL-8, COX-1, and COX2. Finally, we have explored whether hyperuricemic PRP may influence the synthesis of pleiotropic cytokines such as TGF-beta1 and IL-6, which might have a role in enhancing collagen synthesis [15, 16] .
Materials and Methods

Demographic Characteristics of PRP and Cell Donors.
We have used primary tendon cells (up to passage 3) isolated from three young male healthy donors (T1, T2, and T3) of similar age (27±1.4 years), in order to minimize heterogeneity of cells among donors. On the other hand, we have used PRP from six donors, three male and three female donors with different age (median age = 41.5 years, range = 26-62) and hormonal status. The mean uric acid and cholesterol levels were 4.4 ± 0.8 mg/dL and 223.8±44.2 mg/dL. The PRPs contained 2.29± 0.50 fold peripheral blood platelet count, and mean platelet volume was 7.65 ± 1.01 ftL. Leukocytes were not detected.
Isolation and Culture of Tendon Cells.
Human tendon samples were obtained, under anonymous conditions, from three young healthy patients during anterior cruciate ligament reconstruction surgery with semitendinosus tendon, after informed consent and local ethic committee approval. Tendon fragments, which otherwise would have been discarded, were minced and incubated with active 0.3% Collagenase II (Gibco, Life Technologies) at 37 ∘ C for 40 min. The cell suspension was centrifuged, resuspended in DMEM F-12 (Gibco, Life Technologies) supplemented with 5% Penicillin/Streptomycin solution (5,000 U/mL Pen. 5,000 g/mL Strep. Gibco, Life Technologies), filtered, and seeded in a 6-well plate. Cells were allowed to grow until subconfluence and then were trypsinized (TryPLE select 1x, Gibco, Life Technologies) and passaged to a T75 flask at a density of 4000 cells/cm 2 . All the experiments were performed in cells at passages between two and three.
Preparation of PRP and Hyperuricemic PRP.
Pure PRP, the same formulation we use in clinical applications, was obtained by single spin method as previously described [17] . Leukocyte and platelet counts were assessed in peripheral blood and PRP using a Beckman Coulter.
Platelet activation and lysis were performed by three freeze thaw cycles, then filtered through 0.22 m filters, and stored frozen at −80 ∘ C. In cell culture, heparin was added at 2 U/mL to PRP lysates. A supersaturated solution of uric acid (Sigma Cat. no. U2625) was prepared with 1 mg uric acid in 1 mL of DMEM F12 (100 mg/dL). The final concentration of uric acid in hyperuricemic PRP cultures was ≈20 mg/dL, that is, the upper concentration in most kits designed for hyperuricemic patients to monitor their uric acid levels in blood.
Cell Proliferation
Assays. Cells were harvested from T75 flasks after trypsinization (TryPLE select, Gibco, Life Technologies) and seeded in 96-well plates (Corning) at a density of 4000 cells/cm 2 and starved overnight before treatments were performed. Cells were treated with PRP lysate or hyperuricemic PRP lysate from the six donors; in parallel, as a reference, cells were cultured with 10% FBS. Cell proliferation was measured at 0, 24, 48, 72, and 96 h with the XTT method.
Population doubling time was used to determine proliferation rate as a total culture time divided by the number of generations calculated as Log 2 / 0 , where is the population at confluence and 0 is the seeded cells. We assessed gene expression for tendon tissue markers scleraxis (SCX), decorin (DCN), tenomodulin (TNMD), matrix proteins including COMP, COL1A1, and COL3A1, and the enzyme for HA synthesis, HAS2. In addition, the expression of cartilage markers COL2A1, aggrecan, and SOX9 was assessed. Likewise inflammatory modulators such as IL-1b, COX1, COX2, and pleiotropic cytokines including IL-6, IL-8, and TGF-beta1 were assessed. Amplification reactions were performed for GAPDH and TBP as reference genes. Primers and annealing temperatures are shown in Table 1 [18, 19] . Standard curves were generated for every gene; the slope of the curves was always between 3.2 and 3.7. Relative expression levels of tendon cells treated with PRP were normalized using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and calculated by means of the 2 −ΔCt method (Ct, cycle threshold). To assess the effect of hyperuricemia, relative expression levels were normalized to the average of GAPDH and TBP, and gene expression data were calculated as fold versus control using the 2 −ΔΔCt (hyperuricemic PRP versus PRP).
RNA Extraction and
Assessment of IL-6 (CXCL6) and IL-8 (CXCL8) in the Conditioned
Media. IL-6 and IL-8 were measured in cell culture supernatants using EASIA kits (Invitrogen, Life Technologies). The procedures were performed according to the manufacturer's instructions. Briefly, the reaction was detected by peroxidase-conjugated streptavidin followed by a substrate mixture that contained hydrogen peroxidase as a substrate and ABTS as chromogen. The absorbance was measured in a microplate ELISA reader (PolarStar Omega, BMG Labtech, Offenburg, Germany) at 450 nm, and the concentration was calculated using standard curves. The contribution of 10% PRP was subtracted in order to obtain the cytokine amount produced by cells. (Table 2) . Also, the tendon cells treated with PRP showed high expression of type 1 collagen and moderate expression of type 3 collagen and HAS2. The expression of scleraxis and COMP was low in T1 and T2 and moderate in T3. These cells also showed a moderately low expression of TGF-b1. Instead, tendon cells treated with PRP did not express TNMD, COL2A1, SOX9, IL1beta, and COX1. (Figures 2 and 3) . These findings corroborate changes in the inflammatory response to PRP induced by hyperuricemia.
Results
Hyperuricemic PRP Does Not
Hyperuricemia Modifies the Gene Expression
There was evidence of a statistically significant positive association between COX2 and IL-6 ( = 0.8330, = 0.010) and TGF-b1 ( = 0.81, = 0.015). There was evidence of a statistically significant negative association between IL-6 and scleraxis ( = −0.711, = 0.048) and aggrecan ( = −0.726, = 0.041). There was evidence of a statistically significant positive association between the expression of COLA1 and aggrecan ( = 0.881, = 0.004) and scleraxis ( = 0.714, = 0.047). Additionally, there was evidence of a statistically significant positive association between the expression of COMP and the expression of HAS2 ( = 0.826, = 0.011).
Taken together, these results could indicate coregulation of some proteins and can be used to infer that a greater inflammatory cell response to the molecular environment is associated with cell dedifferentiation and a decreased synthesis of aggrecan. 
Changes in the Pattern of Expression of the Genes Codifying Extracellular Matrix Proteins.
In hyperuricemic PRP conditions, the expression of type 1 collagen was significantly increased ( = 0.036) (Figure 4(a) ). Similar to type 1 collagen, COMP expression was significantly increased by hyperuricemia, = 0.012. The expression of COL3A1, the gene codifying type 3 collagen, is not altered by hyperuricemia, = 0.674. In addition, the expression of decorin did not change ( = 0.080) (Figure 4(b) ). There was evidence of a statistically significant positive association between TGFb1 and type 1 collagen ( = 0.811, = 0.015) and TGF-b1 and aggrecan ( = 0.761, = 0.028).
The expression of HAS2, the enzyme involved in hyaluronan synthesis, was significantly reduced in hyperuricemic PRP compared with PRP ( = 0.012).
Discussion
We explored whether tendon cells can sense hyperuricemia in their biological milieu and whether hyperuricemic PRP can incite tendon cells to switch to an inflammatory phenotype. We found that PRP induces a modest inflammatory molecular response in tendon cells compared to constitutive values and that hyperuricemia can mitigate this reaction. Furthermore, we report that hyperuricemia modifies the expression pattern of extracellular matrix proteins induced by PRP treatment.
One possible way of investigating whether hyperuricemia may affect inflammation and tendon metabolism is to expose primary tendon cells to hyperuricemic PRP in vitro.
To achieve the greatest approximation to the in vivo cell we have used cells up to passage 3 [20, 21] . These cells exposed to PRP for 96 hours could be an acceptable representation of the in situ tenocytes treated with PRP. Most commonly, tendon cells are used between passages 3 and 5, showing a more homogeneous behaviour, but being less representative of in vivo conditions. Actually, we have found some heterogeneity between cell donors, which can be attributed to the early passage (passages 1-3) .
One of the central observations in this study is that PRP induces modest inflammation, evidenced by the production of IL-6, IL-8, COL1A1, and COX2. Analogous to our in vitro model, in painful Achilles tendinopathy, the expression of COL1A1, COX2, and IL-6 increased compared with normal tendon [16] . This could be attributed to the set of circumstances underlying the failed healing that occurs in tendinopathy and to the subsequent positive feedback reaction. In fact, an inflammatory molecular response expressed by local cells is crucial for tissue healing; PRP can reproduce this modest inflammatory response driving tendon cells to produce IL-6 and IL-8. The latter is known not only because of its ability to attract neutrophils but also for its proangiogenic properties. Actually, IL-8 could act in synergy with angiogenic factors such as HGF and VEGF produced by tendon cell in response to PRP [22, 23] . Angiogenesis and inflammation are closely linked in the early phases of tissue repair. Interestingly, hyperuricemia reduced significantly the expression and synthesis of IL-8. Whether the reduction in IL-8 in the context of hyperuricemia has relevant consequences derived from reduced neutrophil infiltration and diminished angiogenesis in vivo is still unexplored.
The synthesis of IL-6 is also reduced by hyperuricemia. IL-6 may play a crucial role in tendon healing as tendon healing was significantly reduced in IL-6 knockout mice [22] . Moreover, IL-6 plays a role as mediator of the antiinflammatory effects of exercise [15] and is increased along with COL1A1 expression in painful tendons [16] . Moreover, tendon is a highly mechanosensitive tissue, and both IL-6 and TGF-beta1 have been involved in transforming mechanical loading into collagen synthesis after exercise [24] . Corroborating these findings, our experiments showed coregulation between these molecules embodied by evidence of statistically significant associations in gene expression.
How cells sense uric acid is not clear. In particular, our experiments show that tendon cells sense uric acid but whether it could occur via TLR2 as in chondrocytes is unexplored [25] . Actually, tenocytes express the main receptors involved in sterile inflammation, TLR2 and TLR4, [26] , but it is not clear in what circumstances these receptors are functional. Uric acid can also enter the cell via specific transporters where it can modulate inflammatory and oxidative events.
Priming TLR2 and TLR4 with other molecules such as SAA induced TLR-dependent production of IL-6 and IL-8 and facilitated the inflammatory actions of MSU in synoviocytes [13] . Hyperuricemic PRP can induce sterile inflammation if uric acid behaves as an immunological danger signal. While some data about the interactions of immune cells [12] , chondrocytes [25] , or synovial fibroblasts with MSU crystals are available [13] , little is known about the response of tendon cells to hyperuricemic fluids. Recent data show that tendon-like fibroblasts interact with MSU decreasing the expression and deposition of collagens [27] . Corroborating these findings, we found further induction of COX2 expression, but not of IL-1b and COX1, when tendon cells were further exposed to 100 ug of monosodium urate crystals (MSU) for 24 h after 96-hour treatment with hyperuricemic PRP (data not shown). In these conditions, the expression of IL-6 and IL-8 dropped below detection limits. Our results corroborate the idea that only crystallised uric acid induces inflammation. Indeed, in our experimental conditions, hyperuricemic PRP further enhanced the synthesis of type I collagen and reduced the synthesis of IL-6 and IL-8. This reduction may hinder the regenerative effects of PRP, assuming that they are linked to angiogenesis and inflammation.
The present results set the rationale for performing future in vivo research aiming to assess whether the depletion of IL-6 and IL-8 hinders the regenerative effects of PRP in tendon lesions. As further data were collected about the angiogenic or parainflammatory responses induced by PRP, we found that hyperuricemia is a minor stressor for tendon cells [28] .
Our study has several limitations and from these data it is difficult to reach conclusions to be extrapolated to in vivo conditions. Some uncertainties can be unveiled by coculturing tenocytes with monocytes/macrophages, as they synthesise major inflammatory triggers such as IL1beta with paracrine actions on tenocytes. Also, whether the response of healthy and tendinopathic cells to a challenge with hyperuricemic PRP may differ warrants additional studies. Moreover, patients with hyperuricemia may have some systemic comorbidities including diabetes or metabolic syndrome, and their PRP will reflect these alterations.
In conclusion, we show that hyperuricemic PRP may exert a positive effect on tendons by increasing the production of type 1 collagen and COMP, and at the same time decreasing the production of IL-6 and IL-8. Thus, a priori, patients with hyperuricemia shall not be excluded from PRP treatment. However, not only local tenocytes but also infiltrated innate immune cells respond to PRP cues. Therefore, depending on the immunological microenvironment and the reciprocal interactions, local cells can acquire distinct functional properties.
